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1 
This invention relates to the preparation of 
cellulose esters, and relates more particularly 
to a process for stabilizing organic acid esters 
of cellulose. 
In the preparation of organic acid esters of cel- 
lulose, the esterification is usually carried out by 
treating cellulose with an organic acid anhydride 
in the presence of a catalyst for the esterifica- 
tion. This reaction may be performed in the 
presence of an inert diluent such as benzol which 
is a non-solvent for the ester, in which case the 
ester is obtained in the form of a suspension. 
The reaction may also be carried out in the pres- 
ence of a solvent for the ester, and under these 
conditions the ester will be obtained as a viscous 
solution. The cellulose ester thus formed is 
ripened or hydrolyzed to develop the desired solu- 
bflity characteristics therein, and then the cel- 
lulose ester is precipitated from solution, if nec- 
essary, by the addition of water or other non- 
solvents for the ester thereto, after which the 
ester is carefully washed. Despite the ripening 
treatment and the careful washing, the result- 
ant cellulose ester contains an appreciable quan- 
tity of impurities which tender it unstable, es- 
pecially at high temperatures. Thus, if the cel- 
lulose ester is heated, as during spinning or 
molding operations, it will tend to discolor and 
to decompose or degrade. 
It is an important object of this invention to 
.provide a process for treating an organic acid 
ester of cellulose which will improve its stability. 
A further object of this invention is t0 pro- 
vide a process for stabilizing an organic acid es- 
ter of cellulose which will eliminate or greatly 
reduce the tendency of said ester to discolor and 
to decompose or degrade on heating. 
A still further object of this invention is to 
provide a process for stabilizing an organic acid 
ester of cellulose without appreciable loss in the 
viscosity of said ester. 
Other objects of this invention will be appar- 
ent from the following detailed description and 
claires. 
We have round that a ripened organic acid es- 
ter of cellulose may be stabilized by incorporat- 
ing said.ester into a dilute aqueous solution of a 
monobasic, organic acid and subjecting the mix- 
ture so formed fo super-atmospheric pressure 
at a temperature above the boiling point of 
water (100 ° C.). The stabilized cellulose ester 
which is produced by this treatment will have a 
materially lesser tendency than the unstabilized 
ester to discolor and to degrade or-decompose 
when it is heated. The monobasic, organic acids 
which may be employed in carrying out this 
process include the lower aliphatic acids such as 
formic, acetic, propionic and butyric acids, as 
well as mixtures thereof. 
Whfle the process of this invention is appli- 

2 
cable to the stabilization of various organic acid 
esters of cellulose including the lower aliphatic 
acid esters such as cellulose acetate, cellulose 
propionate and cellulose butyrate as well as to 
5 the mixed lower aliphatic acid esters such as 
cellulose acetate butyrate and cellulose acetate 
propionate, it is especially satisfactory ïor the 
stabilization of cellulose propionate, which is rel- 
atively hydrophobic being hOt readily wet by 
10 water, and accordingly, the process of this in- 
vention will be described in connection there- 
with. 
To prepare the cellulose propionate, cellulose 
'such as cotton, cotton linters, purifled wood pulp 
15 or mixtures thereoï is esterized with propionic 
anhydride. The cellulose may be pretreated be- 
fore esteriflcation with f0rmic acid, acetic acid, 
propionic acid or other lower aliphatic acids 
either in liquid or vapor ïorm, or it may be pre- 
20 treated with a mixture of such acids and sul- 
furic acid or other catalyst to be employed dur- 
ing the subsequent esteriflcation. Any other 
form of pretreatment oï the cellulose may be 
employed or the cellulose may be esterifled with- 
25 out any pretreatment whatsoever. The esteri- 
flcation catalyst employed may be sulfuric acid, 
phosphorlc acid, zinc chloride or any other oï the 
catalysts that are well known for this purpose. 
The cellulose propionate may be prepared by 
the solution method, wherein the cellulose, pre- 
30 treated or hot, is subjected to the action of an 
esterlflcation bath containing an appropriate 
amount oï propionic anhydride, a catalyst and a 
solvent such as propionic acid in sufllcient quan- 
tity to dissolve the cellulose propionate as it is 
35 ïormed. When esteriflcation is carried out in 
this manner the cellulose propionate is obtained 
as a solution or dope. 
After the cellulose propionate has been pre- 
40 pared, it is ripened to reduce its propionyl con- 
tent and thereby alter its solubility characteris- 
tics in such solvents as acetone. Ripening may 
be carried out by adding water to the esteriflca- 
tion mixture, with or without partial or complete 
45 neutralization of the catalyst, and holding the 
mixture so formed af room temperature or at a 
temperature slightly elevated above room tem- 
'perature ïor a period ranging ïrom about 20 to 
70 hours or until the cellulose propionate bas 
50 the desired solubility characteristics. 
Ripenlng oï the cellulose propionate may also 
be carried out in a much shorter period of rime 
by incorporating water into the esteriflcation 
mixture, with or without partial or complete 
55 neutralization oï the catalyst, and holding the 
mixture so ïormed at elevated temperatures, 
above about 100 ° C, and at superatmospheric 
pressures ïor a much shorter period of time.rang- 
ing from a ïew hours down fo one hour or even 
60 less until the desired solubility characteristics 



P,,600,71 

4 

are obtained. Cellulose propionate ripened in 
this manner yields, upon stabilization in ac- 
cordance with the process of this invention, a 
stabilized product which suffers no appreciable 
loss in viscosity as compared fo the unstabilized 
material when if is subjected to elevated temper- 
atures, as during molding and develops consid- 
erably less color than said unstabilized material. 
After the cellulose propionate bas been ripened 
it is precipitated from solution by adding an ex- 
cess of water or other non-solvent for the cellu- 
lose propionate to said solution. T'ne precipi- 
tated cellulose propionate is then carefully 
washed, preferably with water of low mineral con- 
tent such as distilled or demineralized water, 
which washing will eliminate certain of the solu- 
ble impurities therefrom. I-Iowever, even after 
Washing the cellulose propionate retains a quan- 
tity of impurities suiîîcient to rentier it unstable 
particularly when it is heated. 
To stabilize the cellulose propionate in accord- 
ance with the process of this invention, the rip- 
ened and washed cellulose propionate is sus- 
pended in a dilute aqueous solution of propionic 
àcid and the suspension is subjected to tempera- 
tures above about 100 ° C. at super-atmospheric 
pressures for a suitable period of rime. In order 
to 0btain these temperatures and pressures, the 
mixture of cellulose propionate and dilute acid 
niay be charged into a pressure vessel and pres- 
sure developed therein by heating the charge. 
Pressure may also be developed in a continuous 
proeess by forcing the mixture of cellulose pro- 
pionate and dilute acid through a heated ele- 
ment provided with a pressure controlled out- 
let valve, or through a heated element provided 
.with a stand-pipe sulîîciently high to develop the 
desired hydrostatic pressure. 
The concentration of propionic acid employed 
in the stabilization may range from about 1 to 
25%, or more, but must not be so high as to dis- 
solve the cellulose propionate at the tempera- 
tures and pressures employed. The pressure may 
range from about 10 to 100 pounds per square 
irch, or more, above atmospheric and the cor- 
resPonding temperatures will range from about 
110 to 170 ° C., or more, over this pressure range. 
The weight of cellulose propionate in the stabi- 
lization mixture may be from about 2 fo 25 % of 
the weight of dilute acid in which the cellulose 
propionale is suspended. The reaction rime 
necessary io insure siabilizalion will depend 
largely upon ihe value of the other variables. 
However, a reaction rime of between about 0.25 
and 5 hours will usually prove ample to effect the 
stabilization of the cellulose propionate. In gen- 
éral,the acid concentration, the pressure, the tem- 
perature and the reaction time may range up- 
ward from the minimum values given to below 
the point at which the cellulose propionate will 
be dissolved in the dilute propionic acid. 
Instead of carrying out the stabilization in a 
single step, if may be carried out in two or more 
steps by treating the cellulose propionate with 
dilute propionic acid for a shorter period than 
is necessary to effect stabilization and replacing 
the acid wlth fresh acid, with or without an in- 
termediate washing step, belote continuing the 
stabfiization treatment. 
After the stabilization treatment, the dilute 
propionic acid is separated from the cellulose pro- 
pionate in any desired manner and the cellulose 
propionate is washed with water of low mineral 
çpntent to remove the remaining acid therefrom. 
The washed cellulose propionate is dried and may 

be used for any purpose such as the production 
of filaments, foils, solutions for coating or dip- 
ping, and if is especial]y useful for the produc- 
tion of molding material since it exhibits very 
5 little tendency fo discolor or to decompose during 
the molding operation. 
In certain cases, it bas been discovered that 
there will be a greater reduction in the viscosity 
of the cellulose propionate when it is heated, as 
]0 during molding, after having been stabilized in 
accordance with the process of this invention, 
than occurs in the unstabilized cellulose pro- 
pionate. When this greater reduction in viscosity 
is excessive or undesirable it may be eliminated 
I5 or greatly reduced by adding a small amount of 
a magnesium salt such as magnesium acetate or 
magnesium propionate to. the stabilization mix- 
ture. These act as buffering agents, minimizing 
hydrolysis and depolymerization. 
20 The greater reduction in viscosity may also be 
overcome or greatly reduced by adding an alka- 
line salt such as sodium acetate, lithium acetate, 
or magnesium citrate to the stabilized cellulose 
propionate in an amount suflicient fo give said 
25 cellulose propionate an alkalinity of from about 
50 to 200 p. p. m. calculated as calcium carbonate. 
The alkaline salt is added to the cellulose pro- 
pionate after it bas been stabflized with propionic 
acid .and preferably after it bas been washed to 
3O eliminate the acid therefrom. To carry out such 
an addition of alkaline sali, the cellulose pro- 
pionate may be suspended in an aqueous solution 
of the salt and the suspension stirred until a 
suflïcient quantity of sali bas been absorbed or 
35 adsorbed into the cellulose propionate fibers. The 
solution is then drained from the fibers which 
are thereafter dried and are ready for use. 
The following examples are given as illustrative 
of this invention. 
40 Example I 
Into a steam-jacketed pressure vessel equipped 
with a stirrer there are charged 10 parts by 
weight of a ripened cellulose propionate having a 
propionyl content of about 64.5%, and 100 parts 
5 by weight of 10% propionic acid. The pressure 
vessel is sealed, the stirrer is started and steam 
is admitted into the jacket until the pressure 
within the vessel reaches 25 pounds per square 
inch ai which point the temperature will be ap- 
5O proximately 130 ° C. Stirring is coniinued for a 
period of 2 hours with the pressure constant, 
after which the stabilization mixture is dis- 
charged from the reaction vessel. The cellulose 
propionate is washed with water of low mineral 
55 content to remove the propionic acid therefrom 
after which itis dried. When molded, the stabi- 
lied cellulose propionate develops only about 
35% as much color as the unstabilized material, 
60 although its loss in viscosity is somewhat greater. 
Example II 
Into a steam-jacketed pressure vessel equipped 
with a stirrer, there are charged 10 parts by 
weight of a ripened cellulose propionate having a 
65 propionyl content of about 63.7%, and 100 parts 
by weight of 20% propionic acid. To this mix- 
ture are added 0.20 parts by weight of magnesium 
acetate. Thereafter, the pressure vessel is sealed, 
the stirrer is started and steam admitted to the 
70 jacket until the pressure within the vessel reach- 
es 25 pounds per square inch. Stirring is con- 
tinued for a period of two hours with the pres- 
sure constant, after which the stabilization mix- 
75 ture is discharged from the reaction vessC. The 
cellulose propionate is washed with ditilled water 
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0 remove Soluble materials therefrom af ter which 
if is dried. When molded, the stabilized cellulose 
propionate develops only about 60% as much 
color as the unstabi]ized material. 
Exampe III 
Into a steam-jacketed pressure vessel equipped 
with a stirrer, there are charged 10 parts by 
weight of a ripened cellulose propionate fiake 
having a propionyl content of about 63.7%, and 
100 parts by weight of 20% propionic acid. The 
pressure vessel is sealed, the stirrer is started 
and steam is admitted into the jacket until the 
pressure within the vessel reaches 25 pounds per 
square inch. Stirring is continued for a period 
of one hour ai constant pressure, and then the 
pressure vessel is opened and the liquld therein 
is replaced with 100 parts by weight of fresh 20% 
propionic acid. The pressure vessel is again 
sealed and the pressure within the vessel is once 
more bullt up to 25 pounds per square inch and 
stirring continued for one hour at constant pres- 
sure. The cellulose propionate is then discharged 
from the pressure vessel and washed with dis- 
tilled water to remove soluble materials there- 
from. The cellulose propionate is suspended in 
100 parts by weight of an aqueous solution con- 
taining about 0.0017 parts by weight of lithium 
acetate and stirred for one hour. Thereafter, the 
cellulose propionate is separated from the solu- 
tion in which if is suspended and dried. An 
analysis shows that the cellulose propionate has 
an alkalinity of 55 p. p. m. calculated as calcium 
carbonate. When molded, the stabilized cellu- 
lose propionate develops only about 60% as much 
color as the unstabilized material and suffers a 
viscosity loss only 60% as great as the viscosity 
loss of the cellulose propionate belote the addi- 
tion of lithium acetate thereto. 
ExampZe IV 
Into a steam-jacketed pressure vessel equipped 
with a stirrer, there are charged 10 parts by 
weight of a ripened cellulose propionate having a 
propionyl content of about 64%, and 200 parts by 
weight of 2 % propionic acid. The pressure vessel 
is sealed, the stirrer is startedand steam is ad- 
mitted into the jacket until the pressure within 
the v.essel reches 70 pounds per square inch. 
Stirring is continued for a period of one hour 
with the pressure constant, after which the stabi- 
lization mixture is discharged from the pressure 
vessel. The cellulose propionate is washed with 
disilled water to remove soluble materials there- 
from and ts then dried. When molded, the stabi- 
lized cellulose propionate develops only 45% as 
much color as the unstabilized material, al- 
though its loss in viscosity is somewhat greater. 
Example V 
Onto 100 parts by weight of bleached cotton 
(5% moisture), there is sprayed a pretreatment 
mixture oï 11 parts by weight oï 90% ïormic 
acid, 30 parts by weight of propionic acid and 
1.5 parts by weight oï 95 % sulïuric acid and the 
cotton is stirred in a rotary mixer ïor a period 
of two hours. An esterification solution is pre- 
pared by adding 400' parts by weightoï propionic 
anhydride fo 300 parts by weight.oï 99.5% pro- 
pionic acid and the solution is cooled to about 
0 ° C. Af this point 2.9 parts by weightof 95% 
sulïuric acid are added to the solution and te 
temperature thereoï is lowered to --25 ° C. by 
adding Dry Ice thereto. The pretreated cotton is 
charged into the esteriflcation solution in p- 

proximateïy Onè minute and the temperaur*ë ig 
permitted to rise to between 30 and 32 °C. in a 
period of 70 minutes. The temperature is main- 
tained af 30 to 32 ° C. untel a microscopic ex- 
il amination indicates the dope fo be relatively free 
of unesterified fibers which normally occurs with- 
in .about 3 hours after the temperature .reaches 
30 to 32 ° C. The temperature is then lowered 
to 25 ° C. and held at this value untfl the charge 
10 is completely clear of fibers. To the cleared 
dope there is added 200 parts by weight of an 
equal mixture of 99.5% propionic acid and water 
over a ha]f-hour period to convert all the excess 
propionic anhydride to propionic acid. There is 
l{i then added 15 parts by weight of water and the 
dope is held at a temperature of 30 ° C. ïor 
one hour. 
The sulfuric acid catalyst in the dope is 
neutralized by adding the equivalent weight of 
20 magnesium propionate plus as much as 20% 
excess thereto. The dope is then mixed with 
150 parts by weight of water and is charged into 
a steam jacketed kettle equipped with a stirrer 
and maintained at 70 ° C. and under a nitrogen 
2 pressure of about 50 pounds per square inch. 
From the kettle, the dope is continuously pumped 
through a pipe maintained ai 155 ° C. and at a 
pressure of 150 ,pounds per square inch to ripen 
the cellulose propionate. The retention time of 
S0 the dope in said pipe is approximately 10.5 
minutes during which rime if is ripened, the 
propionyl value thereof being reduced to about 
64.5%. The cellulose propionate is precipitated 
from the hot dope by adding suflïcient water 
35 thereto after which the cellulose propionate is 
washed with distilled water. 
Into a steam-jacketed pressure vessel there are 
charged 10 parts by weight of this rapidly 
ripened cellulose propionate and 100 parts by 
40 weight of 20% propionic acid. The pressure 
vessel is sealed, the stirrer is started and steam 
is admitted into the jacket untfl the pressure 
within the vessel reaches 25 pounds per square 
inch. Stirring is continued for a period of two 
hours with the pressure constant, after which 
45 the mixture is discharged from the pressure 
vessel. The cellulose propionate is washed with 
distilled water to remove soluble materials there- 
from, and is then dried. When molded, the 
stabilized cellulose propionate suffers substan- 
50 tially no change in viscosity and develops only 
about 55% as much co]or as the unstabilized 
material. 
If is to be understood that the foregoihg de- 
55 tailed description is given merely by way of 
illustration and that many variations may be 
ruade therein without departing from the spirit 
of out invention. 
ttaving described out invention, what we 
60 desire to secure by Letters Patent is: 
1. Process for treating a ripened lower aliphatic 
acid ester of cellulose of an acid containing from 
2 fo 4 carbon atoms, which comprises subjecting 
a mixture of said ester in solid form and a dilute 
65 solution of a lower aliphatic acid containing from 
1 to 4 carbon atoms to super-atmospheric pres- 
sure, at a temperature above about 100 ° C. 
whereby said ester is rendered more stable, the 
acid concentration, the pressure, the temperature, 
7o and the rime of treatment being such that the 
ester does hot pass into solution. 
2. Process for treating a ripened lower ali- 
phatic acid ester of cellulose of an acid contain- 
ing from 2 to 4 carbon atoms, which comprises 
75 subjecting a mixture of said ester in solid forra 



.nd . dfiute soÏuti0n f a lowm- aliphatic acid 
containiig from .lto 4 carbon atoms and having 
'n-acid eoncelitration of at .le,st about 1% by 
weight, te super-tmospheric .pressure .above 
about .10 pounds per .square inch, ai a tempera- 
ture above about 100 ° C. whereby said ester 
rendered more stable, the gcid concentration, 
the pressure, the tëmperatUre, gnd the rime Of 
trCtm¤nt being such that the ester does :net 
pass into .sluion. 
3. -Process for treating a.ripened lOwer aliphgtic 
acii osier of cellulose of an acid.contining f-rm 
-2 te 4 Carbon atoms, which comprises :gubjecting 
a mixture of.said ester .in solid .form and a 'dilute 
solution of a tower aliphatic acid containing .frein 
.1 te  carbon atoms :and .having an acid oncen- 
tration of between about 1 te 25% by weight, 
 te uper-atmospheric pressurWbetween about 10 
te .100 pounds për squarè inch, at a temperature 
between bout 100 te-170 ° C. .whereby saii-ester 
is rendered more stable, the acid concentration, 
the pressure, the temperature, and the rime of 
:trègtment being such that the ester does .net 
pgss into :solutión. 
4. ProCess 'for treating a ripened :lower ali 
phatic acid ester Of cellulose of an acid-con- 
taining from 2 -te 4 carbon toms, which .:com- 
prises subjecting a mixture .o said-ester in .solid 
ferre and a dilute solution of a .lower gliphatic 
acid containing from 1 te 4 carbon atoms and 
havi-ng an acid ,concentration of aboC 20% .by 
Weight, t0 sùper-atmospheric .pressm'e 0f :about 
-25 .p0unds .per square inch, at a temperatùre .of 
:about 130 ° C. vhereby said est-er -is rendered/more 
.stable, the acid concentration, .the pressure,-the 
temperature, and the rime of t:eatmerft :being 
such that .the ester does .net pass into .solution. 
:5. Brocess for treating a ripened cellulosepro- 
pionate, Which Comprises subjeCting a .miùre :of 
said Cellulose propionate in-solid :form and a di- 
lute solution of pl-'oçionic :cid te suler-atmes- 
.pher.ic .presSure, at a temperature above about 
100 ° C. whereby said cellulose propionte :is-ren- 
doered moie stable, the acid concentration,-the 
 pressure, the temperature, and the rime of.tret- 
ment being such that the cellulose propionae 
does net pass into solution. 
6. lrocess for treating a ripened cèllul0se .pro- 
 pionate, which comprises subjecting a mixture 
of aïd cellulose .propionate in .solid form .d a 
 dilute Solution of propionic acid .hzving .an acid 
c6ncentration of at least about 2% by wëig-ht, 
te super-atmospheric pressure above but-I0 
pounds per square inch, af a temperatUre gbove 
about 100 ° C. whereby said ce!lulDse propiollate 
Is rendered more stable, the acïd concentr«ti0n, 
the .pressure, the temperature, and the rime of 
treatment being such that the cellulose pro- 
pionate does .net pass into solution. 
7. Process for treating a ripened cellulose pro- 
..pionate, which comprises subje6ting a mixture 
.of said cellulose propionate in solid ferre-and a 
dflute solution of propionic acld hgving an :acid 
concentration of between about 1 t 25% by 
weight, te super-atmospheric .pressure bet¢een 
about 10 to 100 pounds per square inch, at a 
-temperature beween about.100 to 170 ° C. where- 
by said cellulose propionate is rendered .more 
 stable, the acid concentration, the pressure, the 
temperature, and the rime of treatment being 
such that the cellulose propionate does ..not pass 
into .solution. 
,8. Process for treating a ripened cellulose pro- 
pionate, which comprises subjecting a 'mixture 
f .sid .ellulose pr0pionate in-Solid forrn $noE :a 

lllute solution of propionic acid having an acid 
corcentration of .about .20 % by weight, to super- 
atmospheric pressure of about 25 pounds per 
square inch, at a temperature of about 130 ° C. 
:5 whereby said cellulose propionate is rendered 
more stable. 
9..Process for .treating a ripened lover ali- 
phaticacid eSter-Of cellulose of an acid c0ntain- 
ing .Ïrom .2 :fo 4 car.bon atoms, which comprises 
]0 subjecting a .mixture of said eSter in solid form, 
a dilute, solution of a lower gliphatic acid con- 
taining :from ,I to 4 carbon atoms, and a mag- 
nesium saltselected from the group consisting of 
magnesium acetate and magnesium propionte 
 15 to superatmospheric pressure, at a temperature 
above about 100 ° C. whereby said ester is ren- 
.dered more stable, the acid concentration, the 
pressure, the temperature, and the rime of treat- 
 ment being such that the ester does hot :pass 
0 .llito solution. 
.10. Process for treating a ripened lower ali- 
phatic .acid ester of cellulose of an acid contain- 
ing .from 2 fo 4 crbon stoms, which comprises 
subjecting a mixture .of said ester in solid .form 
-'5 'and a dflute solution of a lower aliphatic acid 
containing from 1 te 4 carbon atoms te super- 
atmospheric-pressure, at a temperature above 
aout 100 ° .., the acid concentration, the pres- 
sure, he temperature, .and the time of treatment 
0 -being such that the ester does net pass into so- 
lution,  and incorporating an alkaline salt into 
said ester .in an amount sufficient te impart te 
said ester an alkalinity of .from about 50 te 200 
parts per million calculated as calcium .carbonate 
35 whereby sid ,ester is rendered more stable. 
..11. Process "for treating a lower aliphatic acid 
ester of cellulose of an acid containing from 2 
te 4 carbon atoms, v¢hich comprises ripening 
said ester at super-atmospheric pressure and at 
4O a temperature above about 100 ° C., and sub- 
jecting a mixture of said ripened ester in solid 
form and a dflute solution of a lower aliphatic 
acid containing from :1 te 4 carbon-atoms te su- 
per-atmosphericpressure, at a-temperatUre above 
45 bout 100 ° C.whereby saidester is renderedmore 
stble, the acid concentration, the pressure, the 
temperature, and the rime of treatment being 
such that the ester dees net pass into-solution. 
12. Process for treating cellulose proÇïonate, 
'0 which comprises ripening said cellulose /propi- 
onate 'at a pressure of about 150 pounds per 
square inch and at a temperature of about 155 ° 
C.,and subjecting a mixture of 10 parts-byweight 
of said ripened cellulose propionate in solid 
55 form and 100 parts by weight of dilute propi- 
onic "acïd having an :acid-concentration of about 
20% by weight, to suPer-atmospheric .pressure 
of about 25 pounds per square inch, af a tem- 
Perature of about 130 ° C..whereby said cellulose 
60 propionate is rendered more stable. 
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